Assessment of Toenail Mercury Concentrations.
Toenail concentrations of mercury and of selenium, which in some animal models mitigate toxicity of mercury, 4 were measured using neutron activation analysis at the University of Missouri Research Reactor by personnel unaware of the participants' clinical information. Details of analytical methods and information regarding validation of these measures have been reported. 1 Samples of nail clippings from all toes were combined, providing a time-integrated measure of exposure over approximately the prior year due to the long elimination half-life of methylmercury, the growth rate of toenails, and the differential length of time (distance) from cuticle synthesis to toenail clipping comparing the smallest to largest toes. Sample mass was adequate for neutron activation analysis in all participants. Mercury determinations were performed in 98 analytical batches between 2009 and 2011. Potential laboratory drift was controlled by both standard comparison procedures for neutron activation analysis and repeated analysis of representative sample subsets. Intra-assay CVs were 5.5% for mercury and 2.4% for selenium. Mercury concentrations in toenails correlate well with concentrations in hair (r=0.70 to 0.88), with an average calculated ratio of hair to toenail concentrations of about 2.7.
5-8
Ascertainment of Hypertension. In both cohorts, biennial questionnaires asked participants to report physician-diagnosed hypertension, including calendar year of diagnosis, and medication use. The validity of this endpoint was confirmed in validation studies in these cohorts based on review of medical records and direct BP measurements. 9, 10 The positive predictive value was 100%, and the negative predictive value >95%. Specifically, in subsets of participants who reported a physician diagnosis of hypertension and provided consent for medical record review, 100% had medical record confirmation of elevated blood pressure and/or use of antihypertensive medications. Furthermore, to consider likelihood of false-negative responses, blood pressure was directly measured in samples of 111 HPFS and 161 NHS participants living in the Boston area without a self-reported physician diagnosis of hypertension. Only 4.5% of men and 4.3% of women had blood pressure greater than 140/90 mm Hg, and less than 2% of men and 0% of women had blood pressure greater than 165/95 mm Hg. These validation studies of self-reported physician-diagnosed hypertension in these large cohorts were performed at baseline and were not repeated during the follow-up period.
Covariates. Data on demographics, risk factors, and lifestyle habits were collected via validated self-administered questionnaires, using the questionnaire from each participant closest in time to their toenail sample collection. Smoking status was assessed, including, in former smokers, the number of years since quitting. Hypercholesterolemia was self-reported with validity confirmed in random samples using medical records. 9 Self-reported diabetes was further confirmed using an additional supplementary questionnaire according to established criteria, 11 with validity of 98% as compared with medical records. Information on weight and height was obtained; self-reported weight was validated against technician-measured weight (r=0.96). 12 Physical activity was assessed as metabolic-equivalent-tasks (METs) using validated questionnaires. 13, 14 Usual dietary habits were assessed using validated semi-quantitative food frequency questionnaires that inquired about usual consumption of foods, beverages, and supplements over the prior year. 15, 16 Fish consumption was determined from questions on tuna fish, dark-meat fish (e.g., mackerel, salmon, sardines, bluefish, swordfish), and other fish (e.g., cod, haddock, halibut). Long-chain n-3 fatty acid consumption was calculated from these questions as well as from shellfish consumption, based on the nutrient contents for the specified portions weighted by the types of species consumed in the US in each of these categories. 17, 18 Validity of estimated fish and dietary omega-3 consumption were confirmed in comparison to 2 one-week diet records conducted 6 months apart and to adipose tissue fatty acid levels. 15, 16 Statistical Analysis. Associations of toenail mercury concentrations with incident hypertension were evaluated using Cox proportional hazards, with time at-risk from the time of toenail sampling until the diagnosis of hypertension, death, or the date of return of the last questionnaire in 2008, whichever came first. The proportional hazards assumption was not violated based on Schoenfeld residuals. Results were also similar if age was used as the time scale. Associations of toenail mercury concentrations with blood pressure were evaluated using linear regression with robust variance. Mercury concentrations were evaluated as indicator categories in quintiles, and also in deciles to evaluate the full range of dose-response. Quintiles were evaluated based on sex-specific cutpoints in each cohort separately; and based on cutpoints in the combined population when individual-level data from each cohort were pooled (use of sex-specific cutpoints in pooled analyses produced very similar results). Tests for trend were performed by assigning participants the median value in their category of exposure and evaluating this as a continuous variable. Statistical evaluation for interaction was performed by multiplying this variable by the effect modifier of interest and evaluating the likelihood ratio test for adding the multiplicative interaction term to the Cox model. Initially, separate hazards models were built for individuals who did and did not subsequently develop cardiovascular disease. All findings were similar, and thus combined results are presented for each cohort and overall, based on pooling of individual level data in the 2 cohorts.
Multivariable modeling was guided by clinical relevance of covariates, observed strength of association between covariates and exposure or outcome, and percent change in risk estimate when covariates were included. Missing covariates (generally <5%) were imputed using multivariable single imputation; results using multiple imputation or missing indicator categories were very similar. We performed sensitivity analyses to minimize the possibility of reverse causation due to the presence of unrecognized hypertension at baseline by excluding hypertension cases that occurred during the first two years of follow-up. To evaluate potential effects of misclassification due to exposure changes over time, we also performed sensitivity analyses that (a) restricted events to within 10 years of toenail sampling or (b) corrected for regression dilution bias using reproducibility of serial toenail measures obtained 6 years apart. 19 Adjusted for age (years), sex, race (white, nonwhite), month of toenail return, family history of hypertension (yes, no), smoking status (never, former, current), body mass index (kg/m 2 , quintiles), diabetes (yes, no), hypercholesterolemia (yes, no), future cardiovascular disease case-control status (case, control), physical activity (METS/wk, quintiles), alcohol use (drinks/day, quintiles), and consumption of fish (servings/wk, quintiles), whole grains (g/day, quintiles), unprocessed meats (servings/day, quintiles), processed meats (servings/day, quintiles), fruits (servings/day, quintiles), and vegetables (servings/day, quintiles). *Using data on serial measures from toenail clippings obtained 6 years apart in a subset of participants (r=0.56). †To minimize potential for reverse causation at baseline due to presence of unrecognized subclinical hypertension. ‡To minimize bias or attenuation toward the null due to changes in mercury exposure over longer follow-up. *Regression dilution bias correction using data on serial toenail mercury concentrations measured in clippings obtained 6 years apart in a subset of participants. †Adjusted for age (years), sex, race (white, nonwhite), month of toenail return, family history of hypertension (yes, no), smoking status (never, former, current), body mass index (kg/m 2 , quintiles), diabetes (yes, no), hypercholesterolemia (yes, no), future cardiovascular disease case-control status (case, control), physical activity (METS/wk, quintiles), alcohol use (drinks/day, quintiles), and fish consumption (servings/wk, quintiles). ‡Further adjusted for consumption of whole grains (g/day, quintiles), unprocessed meats (servings/day, quintiles), processed meats (servings/day, quintiles), fruits (servings/day, quintiles), and vegetables (servings/day, quintiles). 
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